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SINGLE-CODEBOOK VECTOR QUANTIZATION 
FOR MULTIPLE-RATE APPLICATIONS 

FIELD OF THE INVENTION 

[0001] This invention relates to a method, a device and a 
software application product for N-level quantization of 
vectors, Wherein N can be selected prior to said quantization 
from a set of at least tWo pre-de?ned values that are smaller 
than or equal to a pre-de?ned maximum number of levels M. 
The invention further relates to a method, a device and a 
computer program product for retrieving reproduction vec 
tors for vectors that have been N-level quantized, to a system 
for transferring representations of vectors, to a method, a 
device and a softWare application product for determining a 
codebook to be used in such a quantization, and to such a 
codebook itself. 

BACKGROUND OF THE INVENTION 

[0002] Speech and audio coding algorithms have a Wide 
variety of applications in communication, multimedia and 
storage systems. The development of such coding algo 
rithms is driven by the need to save transmission and storage 
capacity While maintaining high quality of the coded signal. 
The complexity of the coder is limited by the processing 
poWer of the application platform. In some applications, eg 
voice storage, the encoder may be highly complex, While the 
decoder should be as simple as possible. 

[0003] In a typical speech coder, an input speech signal is 
processed in segments, Which are called frames. Usually the 
frame length is 10-30 ms, and a look ahead segment of 5-15 
ms of the subsequent frame is also available. The frame may 
further be divided into a number of sub-frames. For every 
frame, the encoder determines a parametric representation of 
the input signal, for instance by Linear Predictive Coding 
(LPC). The obtained parameters are quantized and transmit 
ted through a communication channel, or stored in a storage 
medium in a digital form. At the receiving end, the decoder 
constructs a synthesized signal based on the received param 
eters. 

[0004] Therein, the LPC coef?cients (or the corresponding 
Line Spectrum Frequencies (LSFs)) obtained by LPC are 
noWadays usually quantized With Vector Quantization (VQ) 
by stacking the LPC/LSF coefficients into a vector. Simi 
larly, also the parameters related to the excitation signal (e.g. 
gain, pitch or voicing parameters) of several subsequent 
frames or sub-frames may be quantized by VQ. 

[0005] VQ is a lossy data compression method based on 
the principle of block coding. In N-level VQ, vectors are 
quantized by selecting, from a codebook containing N 
reproduction vectors (the so-called codeWords), the repro 
duction vectors that cause the smallest distortion With 
respect to the vectors (said distortion being determined by an 
appropriate distortion measure, as for instance the Euclidean 
distance or the squared Euclidean distance, to name but a 
feW). These selected reproduction vectors can be uniquely 
identi?ed by respective identi?ers. If the quantized vectors 
are to be transmitted via a transmission channel, and if the 
codebook is knoWn at a receiving site, it may then be 
su?icient to exchange only the identi?ers betWeen the quan 
tizer at the transmitting site and a unit at the receiving site 
that is to retrieve the reproduction vector selected for a 
vector at the transmitting site. This unit then simply retrieves 
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the reproduction vector identi?ed by the identi?er from the 
codebook. Frequently, N is chosen to be a poWer of 2, and 
then binary Words of Word length n=log2 (N) can be used as 
identi?ers for the reproduction vectors. The Word length n 
then is proportional to the output bit rate of the quantizer. 
With increasing Word length n, the number of levels N=2n 
and thus the resolution of the quantizer increases, but also 
the output bit rate of the quantizer increases. 

[0006] The quantization of the parameters requires code 
books, Which contain reproduction vectors optimized for the 
quantization task. In the earlier days, the design of code 
books for VQ Was considered to be a challenging task due 
to the need for multi-dimensional integration. In 1980, 
Linde, Buzo, and Gray (LBG) proposed the so-called LBG 
algorithm for generating codebooks based on a training 
sequence of vectors (see Linde, Y., Buzo, A. and Gray, R. 
M., “An algorithm for Vector Quantization”, IEEE Trans 
actions on Communications, vol. 28, No. 1, January 1980). 
The use of a training sequence of vectors bypasses the need 
for multi-dimensional integration. The LBG algorithm can 
be considered as a multi-dimensional generalization of the 
classic Lloyd algorithm that is suited for the construction of 
codebooks for scalar quantization. 

[0007] The LBG algorithm produces a codebook for a 
desired number of levels N. If in the same codec, several 
numbers of levels N have to be supported, then for each 
number of levels N, a respective codebook has to be trained, 
and stored at both the quantizer and a unit that is used to 
retrieve the reproduction vectors from identi?ers of the 
reproduction vectors. Such a need for several numbers of 
levels N may for instance arise in coding scenarios Where 
transmission to terminals With different storage and process 
ing capabilities is involved, or Where the transmission chan 
nel characteristics are time-variant, or Where the totally 
available bit rate is dynamically allocated betWeen source 
and channel coding, to name but a feW. The storage of 
respective codebooks for several different numbers of levels 
N disadvantageously increases the memory requirements of 
both the quantizer and a unit for retrieving reproduction 
vectors of vectors that have been quantized, thus increasing 
size and costs. Furthermore, the structure of the quantizer 
and the reproduction vector retrieving unit becomes 
cramped, because access to several codebooks has to be 
controlled. 

[0008] Prior art document Haoui, A. and Messerschmitt, 
D. G.: “Embedded Coding of Speech: AVector Quantization 
Approach”, Proceedings IEEE International Conference on 
Acoustics, Speech and Signal Processing (ICASSP), April 
1985, vol. 10, pp. 1703-1706, is related to embedded speech 
coders. An embedded speech coder is a source coder With 
the property that the ?delity of its reproduction of the input 
signal degrades gracefully as the bit rate is decreased in steps 
from a maximum rate to a minimum rate. Therein, the 
encoder does not knoW the actual bit rate being transmitted, 
and only knoWs the order in Which bits Will be discarded (for 
instance, the transmitted bit stream might be byte oriented, 
With the bits discarded in order from least to most signi? 
cant). A codebook is designed for the maximum rate, and 
quantization is alWays performed for a ?xed number of 
levels that corresponds to this maximum rate, irrespective of 
the number of bits that Will be discarded during transmission 
(and thus affect the actual bit rate). To account for the 
discarding of bits, it is for instance proposed to assign tWo 
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binary Words that only differ in the least signi?cant bit to tWo 
codewords Which are close to each other in Euclidean 
distance so that replacing the least signi?cant bit by zero Will 
lead to a small increase in the error. 

[0009] Prior art document Ragot, S., Bessette, B. and 
Lefebvre, R.: “Low-Complexity Multi-Rate Lattice Vector 
Quantization With Application to Wideband TCX Speech 
Coding at 32 kbit/ s”, Proceedings IEEE International Con 
ference on Acoustics, Speech and Signal Processing 
(ICASSP), 2004, vol. 1, pp. 501-504, is related to multi-rate 
lattice vector quantization. Therein, an 8-dimensional vector 
is encoded into one of 6 codebooks, Which respectively form 
shells of an integer lattice RES. Lattice VQ is self-scalable, 
i.e. the choice of the codebook, and thus the Word length n, 
depends on the vector to be quantized and can thus not be 
selected prior to quantization. The codevectors are algebra 
ically constructed and thus do not either have to be trained 
or stored. The ?exibility of lattice VQ is generally restricted 
by the fact that each codebook is composed of several shells 
of the lattice Whose cardinality depends on the lattice. By 
combining together several shells, the size of the codebooks 
can for instance be made a poWer of 2 or also other numbers, 
but not any desired number. 

SUMMARY OF THE INVENTION 

[0010] In vieW of the above-mentioned problems, it is, 
inter alia, an object of the present invention to provide an 
improved method, device and software application product 
for N-level quantization of vectors With different selectable 
numbers of levels N. 

[0011] It is a further object of the present invention to 
provide an improved method, device and software applica 
tion product for retrieving reproduction vectors for vectors 
that have been N-level quantized With different selectable 
numbers of levels N. 

[0012] It is a further object of the present invention to 
provide an improved system for transferring representations 
of vectors. 

[0013] It is a further object of the present invention to 
provide an improved method, device and softWare applica 
tion product for determining a codebook for use in an 
N-level quantization of vectors With different selectable 
numbers of levels N. 

[0014] It is a further object of the present invention to 
provide an improved codebook for use in an N-level quan 
tization of vectors With different selectable numbers of 
levels N. 

First Aspect of the Invention 

[0015] According to a ?rst aspect of the present invention, 
a method for N-level quantization of vectors is proposed, 
Wherein N is selectable prior to said quantization from a set 
of at least tWo pre-de?ned values that are smaller than or 
equal to a pre-de?ned maximum number of levels M. Said 
method comprises selecting a reproduction vector for each 
vector from an N-level codebook of N reproduction vectors 
that are, for each N in said set of at least tWo pre-de?ned 
values, represented by the ?rst N reproduction vectors of the 
same joint codebook of M reproduction vectors. 

[0016] Therein, said vectors and said reproduction vectors 
are k-dimensional vectors With k being larger than or equal 
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to 1, so that both cases of scalar and vector quantization may 
be targeted. Said vectors contain data that is to be quantized. 
Said data contained in each vector may for instance be a 
parameter set, as for instance a set of LPC/LSF coef?cients 
of a frame or sub-frame of a speech or audio signal or a set 
of gain, pitch or voicing parameters of one or more subse 
quent frames or sub-frames. 

[0017] Said vectors are N-level quantized by selecting a 
reproduction vector from an N-level codebook. Said selec 
tion may for instance be governed by a distortion criterion 
that quanti?es the distortion (eg the Euclidean distance or 
squared Euclidean distance, or other criteria) betWeen the 
vector and the reproduction vector, and then the reproduc 
tion vector Which minimizes said distortion criterion is 
selected. An identi?er of said selected reproduction vector 
then is output as a result of the quantization and alloWs a 
reproduction vector retrieving unit, given the fact that this 
unit knoWs said codebook, to retrieve the selected repro 
duction vector. Therein, the distortion betWeen said vector 
and the selected reproduction vector generally decreases 
With increasing number of levels N, since With increasing N, 
the N-level codebook contains more reproduction vectors 
and thus is able to cover the vector space in Which said 
vector is contained in a better Way. HoWever, With increasing 
number of N, also generally the storage and/or transmission 
of said identi?ers groWs more complex. 

[0018] Therein, said number of levels N is selectable prior 
to said quantization (in contrast to prior art self-scalable 
lattice vector quantization, Where quantization is self-scal 
able and determines the best-suited number of levels during 
quantization based on the current vector to be quantized) 
from a set of at least tWo pre-de?ned values that are smaller 
than or equal to a pre-de?ned maximum number of levels M 
(in contrast to prior art embedded coding, Where quantiza 
tion is alWays performed With a ?xed number of levels 
corresponding to the maximum bit rate). For instance, M 
may be 256, and said set of pre-de?ned values from Which 
said number of levels N can be selected may be de?ned as 

{2,4,8,16,32,64,128,256}. 
[0019] HoWever, M and/or N do not necessarily have to be 
poWers of 2, since in some quantization applications, it may 
be more ef?cient to use codebooks that comprise a number 
of reproduction vectors that is not a poWer of 2, for example 
if, as an identi?er of said selected reproduction vector, not a 
binary Word of length n=log2 (N) is used. M may then for 
instance be any desired integer number, and N may then be 
any desired number With léNéM. 

[0020] Said selection of said number of levels N may for 
instance be performed by an instance that is external With 
respect to said quantizer. Said selection of said number of 
levels N may for instance be performed in dependence on 
the transmission characteristics of a transmission channel 
via Which information on said quantized vectors has to be 
transmitted, or in dependence on the storage capacity of a 
storage unit in Which information on said quantized vectors 
has to be stored, to name but a feW possibilities. 

[0021] According to this ?rst aspect of the present inven 
tion, quantization of vectors is performed for different 
numbers of levels N based on the same joint codebook. This 
joint codebook contains all the N-level codebooks required 
for the quantizations With different number of levels N; M. 
For each N, said N-level codebooks are represented by the 
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respective ?rst N reproduction vectors of the joint codebook. 
For instance, if M=256, and if said pre-de?ned set of at least 
tWo values for N is {128,256}, in case of N=128, the ?rst 
128 reproduction vectors in said codebook of M=256 repro 
duction vectors form the codebook for 128-level quantiza 
tion, and in case of N=256, the ?rst 256 reproduction vectors 
in said same codebook of M=256 reproduction vectors form 
the codebook for 256-level quantization. It is readily clear 
for the person skilled in the art that equally Well, said N-level 
codebook could be positioned at the end of the joint code 
book, if it Was more appropriate. 

[0022] In contrast to prior art, Where one respective code 
book has to be constructed and stored for each desired 
number of levels N, according to the present invention, only 
one joint codebook has to be constructed and stored. For 
instance, if the maximum number of levels M is de?ned to 
be 256, according to the present invention only one code 
book With 256 reproduction vectors has to be constructed 
and stored, since it also comprises the codebook for smaller 
numbers of levels N, for instance for N=128, Whereas in 
prior art, tWo codebooks (With 256 and 128 reproduction 
vectors) Would have to be constructed and stored. This 
vastly contributes to reduce storage requirements of both the 
quantizer and a unit that retrieves reproduction vectors of 
vectors that have been N-level quantized, and also simpli?es 
the structure of the quantizer and such a unit, because only 
access to one codebook has to be controlled. The use of a 

joint codebook for different numbers of levels N becomes 
possible by accordingly constructing the joint codebook. 
Generally, the number N of reproduction vectors in each 
N-level codebook contained in the joint codebook according 
to the present invention can be ?exibly chosen and is, in 
particular, not restricted by the cardinality of lattice shells as 
it is the case in prior art lattice VQ. Thus the joint codebook 
according to the present invention alloWs for a particularly 
?exible choice of the number of quantization levels. An 
additional degree of ?exibility is provided by the possibility 
to select the dimension of said vector, so that both the case 
of scalar quantization and of vector quantization can be 
addressed. 

[0023] In the method according to the ?rst aspect of the 
present invention, N=2n and M=2n may hold, With n and m 
being integer values. Constraining M and N to be poWers of 
tWo may be particularly advantageous if binary Words of 
Word length n shall be used as identi?ers of the selected 
reproduction vectors, since a binary Word of length i alloWs 
to index 2i different reproduction vectors. 

[0024] In the method according to the ?rst aspect of the 
present invention, each of said reproduction vectors in said 
N-level codebook may be identi?ed by an n-bit binary Word. 
In case of N=2n, said binary Word may then e?iciently index 
all N=2n reproduction vectors in said N-level codebook. 

[0025] In the method according to the ?rst aspect of the 
present invention, said vectors may comprise parameters 
related to Linear Predictive Coding of a data sequence. Said 
parameters may for instance be LPC/LSF coe?icients char 
acterizing a vocal tract during one or several frames or 
sub-frames of a speech or audio signal, and/or parameters 
related to an excitation signal (such as gain, pitch and/ 
voicing) in one or several subsequent frames or sub-frames 
of said speech or audio signal. 

[0026] In the method according to the ?rst aspect of the 
present invention, said step of selecting may be performed 
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by a portable communication device. Said portable commu 
nication device may for instance be a mobile phone, a 
Personal Digital Assistant (PDA), a portable computer or the 
like. Equally Well, said step may of course be performed by 
an immobile communication device, as for instance a base 
station or core netWork element of a communication system. 

[0027] According to the ?rst aspect of the present inven 
tion, furthermore a device for N-level quantization of vec 
tors is proposed, Wherein N is selectable prior to said 
quantization from a set of at least tWo pre-de?ned values that 
are smaller than or equal to a pre-de?ned maximum number 
of levels M. Said device comprises means for selecting a 
reproduction vector for each vector from an N-level code 
book of N reproduction vectors that are, for each N in said 
set of at least tWo pre-de?ned values, represented by the ?rst 
N reproduction vectors of the same joint codebook of M 
reproduction vectors. 

[0028] For this device according to the ?rst aspect of the 
present invention, the same characteristics and advantages 
as already discussed in the context of the method according 
to the ?rst aspect of the present invention apply. 

[0029] Said device according to the ?rst aspect of the 
present invention may be a portable communication device. 
Said portable communication device may for instance be a 
mobile phone, a Personal Digital Assistant (PDA), a portable 
computer or the like. Equally Well, said device may of 
course be an immobile communication device, as for 
instance a base station or core network element of a com 
munication system. 

[0030] According to the ?rst aspect of the present inven 
tion, furthermore a softWare application product is proposed, 
comprising a storage medium having a softWare application 
for N-level quantization of vectors embodied therein, 
Wherein N is selectable prior to said quantization from a set 
of at least tWo pre-de?ned values that are smaller than or 
equal to a pre-de?ned maximum number of levels M. Said 
softWare application comprises program code for selecting a 
reproduction vector for each vector from an N-level code 
book of N reproduction vectors that are, for each N in said 
set of at least tWo pre-de?ned values, represented by the ?rst 
N reproduction vectors of the same joint codebook of M 
reproduction vectors. 

[0031] Said storage medium may be any volatile or non 
volatile memory or storage element, such as for instance a 
Read-Only Memory (ROM), Random Access Memory 
(RAM), a memory stick or card, and an optically, electrically 
or magnetically readable disc. Said program code comprised 
in said softWare application may be implemented in a high 
level procedural or object oriented programming language to 
communicate With a computer system, or in assembly or 
machine language to communicate With a digital processor. 
In any case, said program code may be a compiled or 
interpreted code. 

[0032] For this softWare application product according to 
the ?rst aspect of the present invention, the same character 
istics and advantages as already discussed in the context of 
the method according to the ?rst aspect of the present 
invention apply. 

Second Aspect of the Invention 

[0033] According to a second aspect of the present inven 
tion, a method for retrieving reproduction vectors for vectors 
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that have been N-level quantized is proposed, Wherein N is 
selectable prior to a quantization of said vectors from a set 
of at least tWo pre-de?ned values that are smaller than or 
equal to a pre-de?ned maximum number of levels M. Said 
method comprises receiving an identi?er of a reproduction 
vector that has been selected for a vector in said quantiza 
tion; and retrieving, based on said identi?er, said reproduc 
tion vector from an N-level codebook of N reproduction 
vectors that are, for each N in said set of at least tWo 
pre-de?ned values, represented by the ?rst N reproduction 
vectors of the same joint codebook of M reproduction 
vectors. 

[0034] Therein, it should be noted that the description of 
the vectors and the reproduction vectors, of the selection of 
the number of levels N and of the selection of the repro 
duction vector for each vector presented in the context of the 
?rst aspect of the present invention also applies to the second 
aspect of the present invention. 

[0035] Said vectors have been quantized by selecting a 
reproduction vector from an N-level codebook according to 
a distortion criterion, for instance as described in the context 
of the ?rst aspect of the present invention. This reproduction 
vector is identi?ed by an identi?er, Which may for instance 
be an n-bit binary Word, and Which may for instance be 
transmitted via a transmission channel to a device that 
performs the method according to the second aspect of the 
present invention. Upon reception of said identi?er, and 
based on said identi?er, the corresponding reproduction 
vector is retrieved from said N-level codebook that is 
represented by the ?rst N reproduction vectors of said joint 
codebook. The fact that for all N that are selectable for said 
quantization, the corresponding N-level codebooks are con 
tained in said joint codebook vastly reduces the storage 
capacity that is required at a unit that performs the method 
according to the second aspect of the present invention. 
Furthermore, operation of this unit is simpli?ed, since only 
access to one single codebook (the joint codebook), and not 
to a plurality of codebooks, is required. 

[0036] According to the second aspect of the present 
invention, furthermore a device for retrieving reproduction 
vectors for vectors that have been N-level quantized is 
proposed, Wherein N is selectable prior to a quantization of 
said vectors from a set of at least tWo pre-de?ned values that 
are smaller than or equal to a pre-de?ned maximum number 
of levels M. Said device comprises means for receiving an 
identi?er of a reproduction vector that has been selected for 
a vector in said quantization; and means for retrieving, based 
on said identi?er, said reproduction vector from an N-level 
codebook of N reproduction vectors that are, for each N in 
said set of at least tWo pre-de?ned values, represented by the 
?rst N reproduction vectors of the same joint codebook of M 
reproduction vectors. 

[0037] According to the second aspect of the present 
invention, furthermore a softWare application product is 
proposed, comprising a storage medium having a software 
application for retrieving reproduction vectors for vectors 
that have been N-level quantized embodied therein, Wherein 
N is selectable prior to a quantization of said vectors from 
a set of at least tWo pre-de?ned values that are smaller than 
or equal to a pre-de?ned maximum number of levels M. Said 
softWare application comprises program code for receiving 
an identi?er of a reproduction vector that has been selected 
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for a vector in said quantization; and program code for 
retrieving, based on said identi?er, said reproduction vector 
from an N-level codebook of N reproduction vectors that 
are, for each N in said set of at least tWo pre-de?ned values, 
represented by the ?rst N reproduction vectors of the same 
joint codebook of M reproduction vectors. 

[0038] Said storage medium may be any volatile or non 
volatile memory or storage element, such as for instance a 
Read-Only Memory (ROM), Random Access Memory 
(RAM), a memory stick or card, and an optically, electrically 
or magnetically readable disc. Said program code comprised 
in said softWare application may be implemented in a high 
level procedural or object oriented programming language to 
communicate With a computer system, or in assembly or 
machine language to communicate With a digital processor. 
In any case, said program code may be a compiled or 
interpreted code. 

Third Aspect of the Invention 

[0039] According to a third aspect of the present inven 
tion, a system for transferring representations of vectors is 
proposed. The system comprises means for selecting a 
reproduction vector for each vector from an N-level code 
book of N reproduction vectors, Wherein N is selectable 
prior to said selecting from a set of at least tWo pre-de?ned 
values that are smaller than or equal to a pre-de?ned 
maximum number of levels M, and Wherein said N repro 
duction vectors are, for each N in said set of at least tWo 
pre-de?ned values, represented by the ?rst N reproduction 
vectors of a ?rst joint codebook of M reproduction vectors; 
means for transmitting an identi?er of said selected repro 
duction vector via a transmission channel; means for receiv 
ing said identi?er; and means for retrieving, based on said 
identi?er, said reproduction vector from an N-level code 
book of N reproduction vectors represented by the ?rst N 
reproduction vectors of a second joint codebook of M 
reproduction vectors that equals said ?rst joint codebook. 

[0040] Therein, it should be noted that the description of 
the vectors and the reproduction vectors, of the selection of 
the number of levels N and of the selection of the repro 
duction vector for each vector presented in the context of the 
?rst aspect of the present invention also applies to the third 
aspect of the present invention. 

[0041] By selecting a reproduction vector for each vector 
from an N-level codebook that is contained in said ?rst joint 
codebook, and transmitting an identi?er of said reproduction 
vector only, such as for instance an n-bit binary Word With 
n=log2 (N), a particularly ef?cient transfer of a representa 
tion of said vector (i.e. said reproduction vector, or its 
corresponding identi?er) is obtained, since the information 
on the identi?er enables a unit that receives said identi?er to 
retrieve said reproduction vector from a corresponding 
N-level codebook contained in said second joint codebook 
(that equals said ?rst codebook). Therein, the distortion of 
the vector, Which is caused by the fact that the reproduction 
vectors stem from a codebook With a limited number of 
reproduction vectors and thus generally differ from said 
vector, decreases With increasing N, Whereas the Word 
length of the n-bit binary Word increases. Thus via N, a 
trade-off betWeen accuracy and required transmission capac 
ity can be controlled. 

[0042] Said selection of said reproduction vector (i.e. said 
quantization of the vector) may for instance take place at a 
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transmitter in a communication network such as a mobile 
radio system, and said retrieving of said reproduction vector 
then may be performed at a receiver in said communication 
network. A transmission channel betWeen said transmitter 
and said receiver may be a Wireless or Wired transmission 
channel. Said transmission channel can also be understood 
to represent a storage medium onto Which said identi?er of 
said reproduction vector is stored at the transmitter site and 
read at the receiver site. Furthermore, said identi?er may be 
subject to channel encoding or further processing before 
being transmitted. 

Fourth Aspect of the Invention 

[0043] According to a fourth aspect of the present inven 
tion, a method for determining a joint codebook of M 
reproduction vectors for use in an N-level quantization of 
vectors is proposed, Wherein M is a pre-de?ned maximum 
number of levels, Wherein N is selectable prior to said 
quantization from a set of at least tWo pre-de?ned values that 
are smaller than or equal to M, and Wherein in said quan 
tiZation, a reproduction vector for each vector is selected 
from an N-level codebook of N reproduction vectors that 
are, for each N in said set of at least tWo pre-de?ned values, 
represented by the ?rst N reproduction vectors of said joint 
codebook. Said method comprises generating said reproduc 
tion vectors by a training algorithm at least partially based 
on a plurality of training vectors; and arranging said gener 
ated reproduction vectors in said joint codebook according 
to an arrangement algorithm so that for each N, the ?rst N 
reproduction vectors in said set of M reproduction vectors 
form a N-level codebook that alloWs for a small average 
distortion of said vectors When used in said quantiZation of 
said vectors. 

[0044] Therein, it should be noted that the description of 
the vectors and the reproduction vectors, of the selection of 
the number of levels N and of the selection of the repro 
duction vector for each vector presented in the context of the 
?rst aspect of the present invention also applies to the fourth 
aspect of the present invention. 

[0045] The joint codebook determined by said method 
according to the fourth aspect of the present invention then 
may for instance be stored into a memory of a device that 
uses a quantiZer and/or a unit that retrieves reproduction 
vectors of vectors that have been N-level quantiZed. The 
speci?c arrangement of the M reproduction vectors in said 
joint codebook according to said arrangement algorithm 
alloWs said joint codebook to be used as a single codebook 
for the quantiZation of vectors With different selectable 
numbers of levels NéM and thus contributes to saving 
memory in both a quantiZer and a reproduction vector 
retrieving unit. 

[0046] Said training algorithm produces a set of L repro 
duction vectors at least partially based on said plurality of 
training vectors, Wherein L can be arbitrarily selected. Said 
training algorithm may for instance be the LBG algorithm or 
any other type of codebook training algorithm. One form of 
the LBG algorithm is the LBG algorithm for an unknoWn 
distribution of the vectors as proposed in the Linde et al. 
prior art reference cited in the opening part of this patent 
speci?cation. In addition to said plurality of training vectors, 
said algorithm may be provided With one or more reproduc 
tion vectors that shall be considered to be ?xed during said 
generation of said set of L reproduction vectors. 
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[0047] Said step of generating said reproduction vectors 
does not necessarily have to be performed only once to 
already obtain all M reproduction vectors, it may equally 
Well be performed several times (for instance each time With 
increasing numbers of reproduction vectors being gener 
ated). 
[0048] Said arrangement algorithm targets that for each N, 
the ?rst N reproduction vectors in said set of M reproduction 
vectors form an N-level codebook that alloWs for a small 
average distortion of said vectors When used in said N-level 
quantiZation of said vectors. Therein, said distortion quan 
ti?es a deviation of the vector from the reproduction vector 
that is selected from said N-level codebook in said quanti 
Zation of said vector. According to the arrangement algo 
rithm used, different codebooks of M reproduction vectors 
may be produced. Furthermore, it is readily clear that, With 
increasing numbers of levels N (i.e. increasing numbers of 
reproduction vectors in the N-level codebook), the average 
distortion of said vectors decreases due to the availability of 
an increased number of reproduction vectors in the N-level 
codebook. Thus, for instance, an average distortion achiev 
able With a codebook of 64 reproduction vectors may be 
signi?cantly larger than an average distortion achievable 
With a codebook of 128 reproduction vectors, but still may 
be considered small in the context of the codebook of 64 
reproduction vectors. 

[0049] In said method according to the fourth aspect of the 
present invention, N=2n and M=2In may hold, With n and m 
being integer values. This may be particularly advantageous 
if binary Words of Word length n shall be used as identi?ers 
of the selected reproduction vectors, since a binary Word of 
length i alloWs to index 2i different reproduction vectors and 
thus represents an ef?cient means for transferring and stor 
ing information on the selected reproduction vectors. 

[0050] A ?rst embodiment of the method according to the 
fourth aspect of the present invention comprises generating 
an initial codebook of M reproduction vectors by said 
training algorithm; generating a 2-level codebook of 2 
reproduction vectors by said training algorithm; selecting 
those 2 reproduction vectors from said initial codebook that 
are most similar to said 2 reproduction vectors in said 2-level 
codebook; copying said 2 selected reproduction vectors 
from said initial codebook to the ?rst 2 positions in said joint 
codebook and deleting said 2 selected reproduction vectors 
from said initial codebook; and 

[0051] repeating, for l<i§m, the folloWing steps: gener 
ating an I-level codebook of I=2i reproduction vectors by 
said training algorithm; identifying those I/2 reproduction 
vectors from said I-level codebook that are most similar to 
said I/2 reproduction vectors already copied to said joint 
codebook; for the remaining non-identi?ed I/2 reproduction 
vectors in said I-level codebook, selecting those I/2 repro 
duction vectors from said initial codebook that are most 
similar to said remaining non-identi?ed I/2 reproduction 
vectors; and copying said I/2 selected reproduction vectors 
from said initial codebook to the next free positions, in 
increasing sense in said joint codebook and deleting said I/2 
selected reproduction vectors from said initial codebook. 

[0052] In this ?rst embodiment, in Which N and M are 
assumed to be poWers of 2, ?rst all M reproduction vectors 
(the initial codebook) are generated at once by said training 
algorithm based on a plurality of training vectors, and then 
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the generated reproduction vectors are sequentially arranged 
into said joint codebook, Wherein said arranging, for each 
stage i of the algorithm, comprises the generation of code 
books of I reproduction vectors by said training algorithm to 
alloW an orientation at the respective optimum codebook of 
said stage i. Therein, the similarity of vectors is evaluated by 
means of a similarity criterion, Which may for instance be 
the Euclidean distance betWeen vectors, or the squared 
Euclidean distance, to name but a feW. 

[0053] A second embodiment of the method according to 
the fourth aspect of the present invention comprises gener 
ating a 2-level codebook of 2 reproduction vectors by said 
training algorithm; copying said 2 reproduction vectors from 
said 2-level codebook to the ?rst 2 positions in said joint 
codebook; and repeating, for l<i§m, the folloWing steps: 
generating an I-level codebook of I=2i reproduction vectors 
by said training algorithm, Wherein in said training algo 
rithm, the U2 reproduction vectors already copied to said 
joint codebook form the ?rst part of a codebook of I 
reproduction vectors, Which serves as an initialiZation of 
said I-level codebook generated by said training algorithm, 
and are assumed ?xed throughout said training algorithm; 
and copying the U2 last reproduction vectors of said gener 
ated I-level codebook to the next free I/2 positions in 
increasing sense in said joint codebook. 

[0054] In this second embodiment, in Which N and M are 
assumed to be poWers of 2, the reproduction vectors for said 
joint codebook are not generated at once, but sequentially in 
blocks of siZe I/2. Therein, the degrees of freedom of the 
training algorithm in generating a codebook of I reproduc 
tion vectors are constrained by providing the training algo 
rithm With the ?rst I/2 reproduction vectors of said codebook 
and demanding that these reproduction vectors remain ?xed 
during the generation of the remaining I/2 reproduction 
vectors. As an alternative to copying the last I/ 2 reproduction 
vectors of the generated codebook to the next I/2 free 
positions in the joint codebook, of course also the entire 
generated codebook (comprising I reproduction vectors) 
could be copied to the ?rst I positions in the codebook. 

[0055] A ?rst alternative of a third embodiment of the 
method according to the fourth aspect of the present inven 
tion comprises generating an initial codebook of M repro 
duction vectors by said training algorithm based on a 
plurality of training vectors; selecting, from said initial 
codebook, the tWo reproduction vectors that are most dif 
ferent to each other; copying said tWo selected reproduction 
vectors from said initial codebook to the ?rst tWo positions 
in said joint codebook and deleting said tWo selected repro 
duction vectors from said initial codebook; and repeating, 
While said initial codebook is non-empty, the folloWing 
steps: selecting that reproduction vector from said initial 
codebook that is most different With respect to all reproduc 
tion vectors already copied to said joint codebook; copying 
said selected reproduction vector from said initial codebook 
to the next free position in increasing sense in said joint 
codebook and deleting said selected reproduction vector 
from said initial codebook. 

[0056] A second alternative of the third embodiment of the 
method according to the fourth aspect of the present inven 
tion comprises generating an initial codebook of M repro 
duction vectors by said training algorithm based on a 
plurality of training vectors; selecting, from said initial 
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codebook, the reproduction vector that is most similar to all 
of said training vectors; copying said selected reproduction 
vector from said initial codebook to the ?rst position in said 
joint codebook and deleting said selected reproduction vec 
tor from said initial codebook; and repeating, While said 
initial codebook is non-empty, the folloWing steps: selecting 
the reproduction vector from said initial codebook that is 
most different With respect to all reproduction vectors 
already copied to said joint codebook; copying said selected 
reproduction vector from said initial codebook to the next 
free position in increasing sense in said joint codebook and 
deleting said selected reproduction vector from said initial 
codebook. 

[0057] In this third embodiment, ?rst all M reproduction 
vectors (the initial codebook) are generated at once by said 
training algorithm based on training data, and then the 
generated reproduction vectors are sequentially arranged 
into said joint codebook, Wherein it is attempted to arrange 
the reproduction vectors from said initial codebook into said 
joint codebook With decreasing degree of difference, 
counted from the beginning of said joint codebook, so that 
the most different reproduction vectors are positioned at the 
beginning of the joint codebook. Therein, the difference 
betWeen vectors is evaluated based on a difference criterion, 
as for instance the Euclidean distance betWeen the vectors or 
the squared Euclidean distance, to name but a feW. Accord 
ing to the ?rst alternative, the tWo reproduction vectors in 
said initial codebook that are most different With respect to 
each other are copied to the ?rst tWo positions in said joint 
codebook, Whereas according to the second alternative, the 
reproduction vector from said initial codebook that is most 
similar to all training vectors in said plurality of training 
vectors is copied to the ?rst position in said joint codebook. 

[0058] In this third embodiment, it may be bene?cial to 
impose some constraints so that very rarely used reproduc 
tion vectors do not become the ?rst entries in the joint 
codebook. This may for instance be accomplished by 
demanding that the magnitude of the reproduction vector 
components do not exceed a certain limit, Wherein this limit 
may be small for the reproduction vectors at the beginning 
of the joint codebook and may be increasing toWards the end 
of the joint codebook. 

[0059] A fourth embodiment of the method according to 
the fourth aspect of the present invention comprises gener 
ating an initial codebook of M reproduction vectors by said 
training algorithm; repeating, While said initial codebook is 
non-empty, the folloWing steps: selecting those 2 reproduc 
tion vectors from said initial codebook that are most similar 
to each other; copying the ?rst of said tWo selected repro 
duction vectors from said initial codebook to the next free 
position, in decreasing sense starting from the last position, 
in said joint codebook and deleting said ?rst of said tWo 
selected reproduction vectors from said initial codebook. 

[0060] In this fourth embodiment, ?rst all M reproduction 
vectors (the initial codebook) are generated at once by said 
training algorithm based on training data, and then the 
generated reproduction vectors are sequentially arranged 
into said joint codebook, Wherein it is attempted to arrange 
the reproduction vectors from said initial codebook into said 
joint codebook With increasing degree of difference to other 
reproduction vectors, but counting from the end of said joint 
codebook. Therein, the similarity betWeen vectors is evalu 



US 2007/0055509 A1 

ated based on a similarity criterion, as for instance the 
Euclidean distance betWeen the vectors or the squared 
Euclidean distance, to name but a feW. 

[0061] In a ?fth embodiment of the method according to 
the fourth aspect of the present invention, said set of at least 
tWo pre-de?ned values for N that are smaller than or equal 
to M contains K values Ni With i=1, . . . ,K and NJ-_l<N-§M 
With j=2, . . . ,K. Said method then comprises generating an 
initial codebook of M reproduction vectors by said training 
algorithm based on a plurality of training vectors; selecting, 
from said initial codebook, Nl reproduction vectors so that 
a distortion of a codebook that contains said selected repro 
duction vectors With respect to all of said training vectors is 
minimum; copying said selected reproduction vectors from 
said initial codebook to said joint codebook and deleting 
said selected reproduction vectors from said initial code 
book; and repeating, for each Ni With l<i§K, the folloWing 
steps: selecting, from said initial codebook, Ni—Ni_l repro 
duction vectors so that a distortion of a codebook that 
contains the Ni_ 1 reproduction vectors already copied to said 
joint codebook and said selected reproduction vectors With 
respect to all of said training vectors is minimum; and 
copying said selected reproduction vectors from said initial 
codebook to the next free positions in increasing sense in 
said joint codebook and deleting said selected reproduction 
vectors from said initial codebook. 

[0062] In this ?fth embodiment, ?rst all M reproduction 
vectors (the initial codebook) are generated at once by said 
training algorithm based on training data, and then the 
generated reproduction vectors are arranged into said joint 
codebook on a codebook-per-codebook basis. For each of 
the K codebooks of size Ni (With i=1, . . . , K, Wherein NK 
may for instance be equal to M) that are to be contained in 
said joint codebook, reproduction vectors are selected from 
the initial codebook so that the distortion of the codebook, 
Which contains the reproduction vectors already determined 
in previous stages and said neWly selected reproduction 
vectors, With respect to the training vectors used by the 
training algorithm is minimum. Therein, NK may be equal to 
M or not. The distortion of the codebook may for instance 
be determined by calculating the sum distortion of each 
reproduction vector contained in the codebook With respect 
to all training vectors from the reproduction vector’s 
Voronoi cell and summing the sum distortions of all repro 
duction vectors in said codebook to arrive at a ?nal value. A 
reproduction vector’s Voronoi cell may be considered as the 
set of input vectors that, under a given distance, are closer 
to the considered reproduction vector than to any other 
reproduction vector from the codebook that contains said 
considered reproduction vector. Therein, the input vectors 
are all the possible vectors to be quantized through the given 
codebook, so that the set of training vectors is usually only 
a sub-set of the set of input vectors (in the degenerate case 
of codebook With only one reproduction vector, the Voronoi 
cell of that single reproduction vector is the entire input 
space). The distortion is determined by means of a distortion 
criterion, Which may for instance be the Euclidean distance 
betWeen vectors, or the distance derived from the l 1 norm, to 
name but a feW. 

[0063] According to the fourth aspect of the present inven 
tion, furthermore a device for determining a joint codebook 
of M reproduction vectors for use in an N-level quantization 
of vectors is proposed, Wherein M is a pre-de?ned maximum 
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number of levels M, Wherein N is selectable prior to said 
quantization from a set of at least tWo pre-de?ned values that 
are smaller than or equal to M, and Wherein in said quan 
tization, a reproduction vector for each vector is selected 
from an N-level codebook of N reproduction vectors that 
are, for each N in said set of at least tWo pre-de?ned values, 
represented by the ?rst N reproduction vectors of said joint 
codebook. Said device comprises means for generating said 
reproduction vectors by a training algorithm at least partially 
based on a plurality of training vectors; and means for 
arranging said generated reproduction vectors in said joint 
codebook according to an arrangement algorithm so that for 
each N, the ?rst N reproduction vectors in said set of M 
reproduction vectors form an N-level codebook that alloWs 
for a small average distortion of said vectors When used in 
said quantization of said vectors. Therein, said training 
algorithm may for instance be an LBG algorithm. 

[0064] According to the fourth aspect of the present inven 
tion, furthermore a softWare application product is proposed, 
comprising a storage medium having a softWare application 
for determining a joint codebook of M reproduction vectors 
for use in an N-level quantization of vectors embodied 
therein, Wherein M is a pre-de?ned maximum number of 
levels M, Wherein N is selectable prior to said quantization 
from a set of at least tWo pre-de?ned values that are smaller 
than or equal to M, and Wherein in said quantization, a 
reproduction vector for each vector is selected from a 
N-level codebook of N reproduction vectors that are, for 
each N in said set of at least tWo pre-de?ned values, 
represented by the ?rst N reproduction vectors of said joint 
codebook. Said softWare application comprises program 
code for generating said reproduction vectors by a training 
algorithm at least partially based on a plurality of training 
vectors; and program code for arranging said generated 
reproduction vectors in said joint codebook according to an 
arrangement algorithm so that for each N, the ?rst N 
reproduction vectors in said set of M reproduction vectors 
form an N-level codebook that alloWs for a small average 
distortion of said vectors When used in said quantization of 
said vectors. Therein, said training algorithm may for 
instance be an LBG algorithm. 

[0065] Said storage medium may be any volatile or non 
volatile memory or storage element, such as for instance a 
Read-Only Memory (ROM), Random Access Memory 
(RAM), a memory stick or card, and an optically, electrically 
or magnetically readable disc. Said program code comprised 
in said softWare application may be implemented in a high 
level procedural or object oriented programming language to 
communicate With a computer system, or in assembly or 
machine language to communicate With a digital processor. 
In any case, said program code may be a compiled or 
interpreted code. 

Fifth Aspect of the Invention 

[0066] Finally, according to a ?fth aspect of the present 
invention, a joint codebook for use in an N-level quantiza 
tion of vectors is proposed, Wherein M is a pre-de?ned 
maximum number of levels, Wherein N is selectable prior to 
said quantization from a set of at least tWo pre-de?ned 
values that are smaller than or equal to M, and Wherein in 
said quantization, a reproduction vector for each vector is 
selected from an N-level codebook of N reproduction vec 
tors that are, for each N in said set of at least tWo pre-de?ned 
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values, represented by the ?rst N reproduction vectors of 
said joint codebook of M reproduction vectors. Said joint 
codebook comprises a set of M reproduction vectors, 
wherein said reproduction vectors in said set of M repro 
duction vectors are generated by a training algorithm at least 
partially based on a plurality of training vectors; and 
wherein said reproduction vectors are arranged in said set of 
M reproduction vectors according to an arrangement algo 
rithm so that for each N, the ?rst N reproduction vectors in 
said set of M reproduction vectors form an N-level code 
book that allows for a small average distortion of said 
vectors when used in said quantization of said vectors. 

[0067] Therein, it should be noted that the description of 
the vectors and reproduction vectors, the selection of the 
number of levels N and the selection of the reproduction 
vector for each vector presented in the context of the ?rst 
aspect of the present invention also applies to the ?fth aspect 
of the present invention. Said training algorithm may for 
instance be the LBG algorithm. 

[0068] The codebook according to the ?fth aspect of the 
present invention may for instance be stored into a memory 
of a device that uses a quantizer and/or a unit that retrieves 
reproduction vectors of vectors that have been N-level 
quantized. The speci?c arrangement of the M reproduction 
vectors in said codebook comprising said set of M repro 
duction vectors according to said arrangement algorithm 
allows said codebook to be used as a single codebook for the 
quantization of vectors with different selectable numbers of 
levels NéM and thus contributes to saving memory in both 
a quantizer and a reproduction vector retrieving unit. 

[0069] These and other aspects of the invention will be 
apparent from and elucidated with reference to the embodi 
ments described hereinafter. 

BRIEF DESCRIPTION OF THE FIGURES 

[0070] In the ?gures show: 

[0071] FIG. 1: a schematic presentation of an embodiment 
of a device for N-level quantization of vectors according to 
the ?rst aspect of the present invention, and of an embodi 
ment for retrieving reproduction vectors for vectors that 
have been N-level quantized according to the second aspect 
of the present invention, comprised in a system for trans 
ferring representations of vectors according to a third aspect 
of the present invention. 

[0072] FIG. 2a: a ?owchart of an embodiment of a method 
for N-level quantization of vectors according to the ?rst 
aspect of the present invention; 

[0073] FIG. 2b: a ?owchart of an embodiment of a method 
for retrieving reproduction vectors for vectors that have been 
N-level quantized according to the second aspect of the 
present invention; 

[0074] FIG. 3: a schematic presentation of an embodiment 
of a device for determining a joint codebook for use in an 
N-level quantization of vectors according to the fourth 
aspect of the present invention; 

[0075] FIG. 4a: a ?owchart of a ?rst embodiment of a 
method for determining a joint codebook for use in an 
N-level quantization of vectors according to the fourth 
aspect of the present invention; 
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[0076] FIG. 4b: a ?owchart of a second embodiment of a 
method for determining a joint codebook for use in an 
N-level quantization of vectors according to the fourth 
aspect of the present invention; 

[0077] FIG. 40: a ?owchart of a third embodiment of a 
method for determining a joint codebook for use in an 
N-level quantization of vectors according to the fourth 
aspect of the present invention; 

[0078] FIG. 4d: a ?owchart of a fourth embodiment of a 
method for determining a joint codebook for use in an 
N-level quantization of vectors according to the fourth 
aspect of the present invention; 

[0079] FIG. 4e: a ?owchart of a ?fth embodiment of a 
method for determining a joint codebook for use in an 
N-level quantization of vectors according to the fourth 
aspect of the present invention; and 

[0080] FIG. 5: a schematic presentation of a joint code 
book according to the ?fth aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0081] The present invention is generally related to the 
context of N-level quantization of vectors, wherein a repro 
duction vector from an N-level codebook is selected for said 
vector. Although quantization can be performed for different 
selectable numbers of levels N taken from a pre-de?ned set, 
the N reproduction vectors of all N-level codebooks are 
represented by the respective ?rst N reproduction vectors in 
a single joint codebook that comprises M reproduction 
vectors, with M marking the maximum selectable number of 
levels. 

[0082] Therein, a ?rst aspect of the present invention is 
directed to the N-level quantization of vectors, a second 
aspect is directed to the retrieving of reproduction vectors 
for vectors that have been N-level quantized, a third aspect 
is directed to the transfer of representations of vectors, a 
fourth aspect is directed to the determination of a joint 
codebook providing N-level codebooks for a plurality of 
different N-level quantizations, and a ?fth aspect is directed 
to such a joint codebook itself. 

[0083] FIG. 1 is a schematic presentation of an embodi 
ment of a system 4 for transferring representations of vectors 
according to the third aspect of the present invention. This 
system 4 comprises a device 1 for N-level quantization of 
vectors according to the ?rst aspect of the present invention, 
and a device 2 for retrieving reproduction vectors of vectors 
that have been N-level quantized. This system may for 
instance be contained in a communication system that 
enables communication between two communication units, 
wherein a ?rst communication unit then comprises device 1, 
and a second communication unit then comprises device 2. 
An example of such a communication system is for instance 
a mobile radio system, in which speech or audio data is 
transferred according to a speech or audio codec involving 
quantization of said speech or audio data. 

[0084] Device 1 comprises a selection and mapping unit 
10, a joint codebook memory 11 and a transmission (Tx) unit 
12. Selection and mapping unit 10 is capable of receiving a 
sequence of k-dimensional vectors, with k; l, of selecting, 
for each of said vectors, a k-dimensional reproduction vector 
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stemming from an N-level codebook, and of mapping the 
selected reproduction vector to an identi?er that uniquely 
identi?es said selected reproduction vector. Said vectors 
may for instance comprise stacked data related to coding of 
speech or audio, for instance LPC/LSF coe?icients or gain, 
pitch of voicing parameters of one or several frames or 
sub-frames of a speech or audio signal. Therein, said param 
eter N, denoting the number of quantization levels, is fed 
into said unit 10 from an external unit, for instance from a 
central controller of a communication unit that comprises 
device 1. 

[0085] Said selection of said reproduction vectors is per 
formed based on a distortion criterion, Which quanti?es a 
difference betWeen the vector and each reproduction vector. 
A plurality of distortion criteria is for instance presented in 
the Linde et al. prior art reference cited in the opening part 
of this patent speci?cation, eg the squared-error distortion 
or the Holder norm, to name but a feW. Generally, selection 
unit 10 Will select a reproduction vector from said N-level 
codebook that minimiZes the applied distortion criterion 
With respect to the other reproduction vectors contained in 
said N-level codebook. 

[0086] Said selection and mapping unit 10 obtains said 
N-level codebook from joint codebook memory 11, Which 
stores a joint codebook according to the ?fth aspect of the 
present invention. This joint codebook comprises M repro 
duction vectors, Wherein M is a pre-de?ned value. Said joint 
codebook may for instance have been stored into said 
memory 11 during the manufacturing of device 1, for 
instance if said memory 11 is a ROM. Equally Well, said 
device 1 may comprise an interface via Which said joint 
codebook can be changed or updated from by external unit, 
as for instance a codebook server. Said memory 11 then may 
for instance be a RAM. 

[0087] The joint codebook according to the ?fth aspect of 
the present invention is characterized in that it comprises 
N-level codebooks for a plurality of pre-de?ned different 
values of N, With NéM. Therein, M de?nes the maximum 
number of levels for Which device 1 is capable of performing 
quantiZation. Thus, according to the present invention, only 
one single joint codebook has to be stored, While the device 
is still capable of performing N-level quantiZation for a 
plurality of values N. The N-level codebooks required for 
the N-level quantiZation are the respective ?rst N reproduc 
tion vectors contained in the joint codebook. This property 
is achieved by appropriately determining the joint codebook, 
as Will be described in more detail beloW. 

[0088] FIG. 5 depicts an illustrative example of such a 
joint codebook 5 according to the ?fth aspect of the present 
invention, With M=l6 and N being selectable from the set 
{2,4,8,l6}. Thejoint codebook 5 comprises M=l6 k-dimen 
sional reproduction vectors, depicted as horiZontal bars. 
Furthermore, FIG. 5 depicts the association of the reproduc 
tion vectors With the joint codebook to the single N-level 
codebooks by respective range markers 52-55. For instance, 
the 2-level codebook for N=2 contains only the ?rst tWo 
reproduction vectors of the joint codebook, as indicated by 
range marker 52, the 4-level codebook for N=4 contains 
only the ?rst four reproduction vectors of the joint code 
book, as indicated by range marker 53, and so on. Finally, 
range marker 55 indicates that, for N=M=l6, the l6-level 
codebook for N=l6 comprises all M=l6 reproduction vec 
tors of the joint codebook. 
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[0089] For each N-level codebook, the N reproduction 
vectors contained therein can be mapped to an n-bit binary 
Word, With n=log2(N). For instance, for N=4 (i.e. n=2), the 
?rst reproduction vector in the 4-level codebook can be 
identi?ed by the 2-bit binary Word ‘00’, the second repro 
duction vector by the 2-bit binary Word ‘01’, the third by 
reproduction vector by the 2-bit binary Word ‘10’ and the 
fourth reproduction vector by the 2-bit binary Word ‘11’. 
Thus 2 bits per reproduction vector have to be spent in this 
case. For N=8 (i.e. n=3), then 3 bits have to be spent, and so 
on. 

[0090] To be more explicit, in the folloWing an exemplary 
joint codebook With M=l6 l-dimensional reproduction vec 
tors for use in the quantiZation of a gain parameter of a 
speech or audio signal is presented. This example is in line 
With the joint codebook 5 of FIG. 5. The range of the gain 
parameter to be quantiZed is from 0 dB to 96 dB, and the 
joint codebook shall be suited for 2-level, 4-level, 8-level 
and l6-level quantiZation, so that codebooks for N=2, 4, 8 
and 16 have to be comprised in the joint codebook. Assum 
ing the gain parameter to be uniformly distributed in the 
interval 0 dB to 96 dB, a suitable joint codebook is given as 
(all reproduction vectors in dB): 

[24,72,0,48,12,36,60,84,6,18,30,42,54,66,78,90], 
so that the N-level codebooks contained therein folloW as 
(With all reproduction vectors given in dB): 

N=2: [24,72] 

N=4: [24,72,0,48] 

N=8: [24,72,0,48,12,36,60,84] 

N=l6: [24,72,0,48,12,36,60,84,6,18,30,42,54,66,78,90]. 
[0091] It can be readily seen that for each N, the code 
books contain reproduction vectors that attempt to uniformly 
cover the range from 0 dB to 96 dB as Well as possible, 
Wherein With each increase of N, the Euclidean distance 
betWeen reproduction vectors decreases. For instance, for 
N=2, this distance is 48 dB, for N=4, this distance is 24 dB, 
for N=8, this distance is 12 dB, and for N=l6, this distance 
is only 6 dB. Thus each increase in N by tWo halves this 
distance. 

[0092] NoW consider the exemplary case that a realiZation 
of the gain parameter shall be quantiZed, said realiZation 
being equal to 40 dB. If only n=l bit (N =2) shall be used for 
quantiZation, and if the Euclidean distance is chosen as the 
distortion criterion, the ?rst reproduction vector in the 
2-level codebook, i.e. 24 dB, Will be selected. Thus the 
distortion caused by this reproduction vector is 40-24 
dB=l6 dB. By spending one more bit, i.e. n=2 (N=4), the 
best reproduction vector in the 4-level codebook is 48 dB, 
and correspondingly, the distortion is only 8 dB. For n=3 bits 
per reproduction vector (N=8), the best reproduction vector 
is 36 dB, thus decreasing the distortion doWn to 4 dB. 
Finally, for n=4 bits per reproduction vector (N =16), the best 
reproduction vector in the l6-level codebook is 42 dB, thus 
further decreasing the distortion to 2 dB. 

[0093] It is thus readily clear that by selecting N, distortion 
can be traded against required transmission/ storage capacity. 

[0094] Returning to FIG. 1, the above-described selection 
of reproduction vectors for each vector to be N-level quan 
tiZed and the mapping of selected reproduction vectors to 
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binary values of word length n=log2(N) is performed by 
selection and mapping unit 10 of device 1. The identi?ers 
obtained in this way are then forwarded to TX unit 12, which 
performs further processing to allow the identi?er to be 
transmitted via a transmission channel. This processing may 
for instance comprise channel coding, interleaving, base 
band modulation and/or RF processing. Said transmission 
channel can equally well be understood as a storage medium 
onto which said identi?er is stored. In this case, TX unit 12 
then performs processing to allow the storage of the iden 
ti?er on such a storage medium. 

[0095] Device 2 in system 4 of FIG. 1 comprises a 
Reception (RX) unit 23, a unit 20 for the retrieval of 
reproduction vectors for vectors that have been N-level 
quantized in device 1, and a joint codebook memory 21. 
Therein, the joint codebook stored in memory 21 is the same 
as the joint codebook stored in memory 11 of device 1. RX 
unit 23 receives identi?ers transmitted by the TX unit 12 of 
device 1 by, for instance, performing RF processing, syn 
chroniZation, equalization, demodulation, de-interleaving 
and/or channel decoding. If said transmission channel rep 
resents a storage medium, RX unit 23 performs processing to 
read the identi?ers from this storage medium. Received 
identi?ers are then forwarded to unit 20, which, based on the 
received identi?ers, the parameter N and the joint codebook 
stored in memory 21, retrieves the reproduction vector that 
corresponds to the received identi?er. This requires that the 
mapping of reproduction vectors to identi?ers is the same 
for both device 1 and device 2. Furthermore, the parameter 
N has to be input into unit 20, to enable unit 20 to eXtract the 
correct N-level codebook from the joint codebook. N may 
for instance be made available to unit 20 by an eXtemal unit, 
as for instance a central controller of a communication unit 
that houses device 2. The retrieved reproduction vector can 
then be output by device 2 to further processing stages. 

[0096] System 4 according to the third aspect of the 
present invention thus allows for a transfer of representa 
tions of vectors via a transmission channel. It is readily 
understood that the reproduction vector retrieved at device 2 
is generally not a distortion-free representation of the vector 
that is quantiZed at device 1, since the N-level codebooks 
available for quantiZation only contain a limited number of 
reproduction vectors to choose from. With increasing N, the 
distortion can be reduced, but the number of bits that have 
to be spent to identify the reproduction vectors correspond 
ingly increases. Thus by the parameter N, distortion may be 
traded against transmission bandwidth requirements (or stor 
age requirements, if said transmission channel is represented 
by a data carrier). 

[0097] FIG. 2a is a ?owchart of an embodiment of a 
method for N level quantiZation of vectors according to the 
?rst aspect of the present invention. This method may for 
instance be performed by selection and mapping unit 10 of 
device 1 in the system 4 of FIG. 1. To this end, the steps of 
this method may be implemented in a software application 
of a software application product that is eXecuted by a digital 
processor of said device 1. 

[0098] In a ?rst step 100, the parameter N is initialiZed, for 
instance by receiving a value for N from an eXtemal unit. In 
a step 101, it is then checked if vectors for quantiZation are 
available. If this is not the case, the method terminates. 
Otherwise, one vector is received in a step 102, and in a 
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subsequent step 103, then a reproduction vector is selected 
from the corresponding N-level codebook, which is repre 
sented by the ?rst N reproduction vectors of the joint 
codebook, so that this reproduction vector minimiZes a 
distortion criterion. In a step 104, then an identi?er of said 
selected reproduction vector is output, for instance to TX unit 
12 of device 1 in FIG. 1. 

[0099] It is then checked in a step 105 if the parameter N 
shall be changed, for instance due to eXtemal signaling. If 
this is not the case, the method jumps back to step 101 to 
quantiZe further vectors. 

[0100] Otherwise, a new selection for N is received in step 
106, and then only the method jumps back to step 101. 

[0101] FIG. 2b is a ?owchart of an embodiment of a 
method for retrieving reproduction vectors for vectors that 
have been N-level quantiZed according to the second aspect 
of the present invention. This method may for instance be 
performed by unit 20 of device 2 in the system 4 of FIG. 1. 
To this end, the steps of this method may be implemented in 
a software application of a software application product that 
is eXecuted by a digital processor of said device 2. 

[0102] In a ?rst step 200, the parameter N is initialiZed, for 
instance by receiving a value for N from an eXtemal 
instance. N is required to select the proper N-level codebook 
from the joint codebook. It is then checked in a step 201 if 
identi?ers are available. If this is not the case, the method 
terminates. Otherwise, one identi?er is received in a step 
202. In a step 203, then a reproduction vector as identi?ed 
by said identi?er is retrieved from the N-level codebook that 
is represented by the ?rst N reproduction vectors in said joint 
codebook. This retrieved reproduction vector then is output 
a step 204. In a step 205, it is checked if a change of the 
parameter N is required. If this is not the case, the method 
jumps back to step 201 to receive further identi?ers. Oth 
erwise, a new selection of N is received in a step 206, and 
the method then only jumps back to step 201. 

[0103] FIG. 3 is a schematic presentation of an embodi 
ment of a device 3 for determining a joint codebook for use 
in an N-level quantiZation of vectors according to the fourth 
aspect of the present invention. This device 3 may for 
instance be deployed for constructing joint codebooks for 
devices like device 1 or device 2 of the system 4 of FIG. 4. 
The determined joint codebook then may be stored into 
memories 11 and 21 of devices 1 and 2, respectively, either 
during a manufacturing of these devices, or later, for 
instance via an interface to said memories 11 and 21. 

[0104] Device 3 comprises a control unit 30, an LBG unit 
31 and an arrangement unit 32. 

[0105] Therein, LBG unit 31 is capable of performing an 
LBG algorithm to produce a set of L reproduction vectors 
based on a plurality of training vectors, wherein L is a 
selectable integer number. Said LBG algorithm may for 
instance be based on the algorithm for an unknown distri 
bution of the vectors that are to be quantiZed as proposed in 
the Linde et al. prior art reference cited in the opening part 
of this patent speci?cation. In addition to said plurality of 
training vectors, said LBG algorithm may be provided with 
one or more reproduction vectors that shall be considered to 
be ?Xed during said generation of said set of L reproduction 
vectors, as will be eXplained in more detail with reference to 
the second embodiment of the method according to the 














